Struhár, I., Dovrtělová, L. & Kapounková, K. (2014). Effect of exercise with elastic cord on postural stability in a group of elite gymnasts. J. Hum. Sport Exerc., 9(Proc1), pp.S495-S503. The main aim of this study was to find out if exercise with elastic cord improved postural stability in a group of elite gymnasts. For measuring postural stability an electronic balancing board with variable radius and integrated feedback was used. The exercise regimen was undertaken twice a week for 12 weeks. All participants were measured at the beginning of our study and then after 12 weeks. Participants had to stand on the electronic balance board during 30 seconds with open eyes and kept the board balanced using feedback from the screen. After that we compared the results of each participant. The results were expressed by number from 0 to 100. Twenty-nine elite gymnasts volunteered for this study. Participants did not report any neuromusculoskeletal injuries or other diseases that may affect balance performance. Before participating in the study, all parents of gymnasts read and signed the informed consent form. The participants were assigned to a control group (15 girls; mean age=13.78±1.62 years; mean height=1.57±0.09 m; mean mass= 46.16±8.71 kg) and experimental group (14 girls; mean age=14.1±2.0 years; mean height=1.56±0.08 m; mean mass= 45.6±10.55 kg). The total number of time spending in training was 18 hours per week. Experimental group performed 2 hours plus of exercise with elastic cord. One of the aims of our study was to decide if we can observe differences between beginning and final measurements in experimental group. We used t-test for paired samples (p=0.006578; the significance level 95%). Therefore we can indicate our training programme with elastic cord as a way of improving postural stability in our group of elite gymnasts.
INTRODUCTION
Maintaining of postural control is an essential part in both elite sport and sport for all. Proper maintenance of balance and postural equilibrium is therefore a vital component in sport and sport compensation (Riemann & Guskiewicz, 2000) . The loss of postural control can be considered as a risk factor of injury. It was proved the association between measures of postural stability and improved range of movement in order to prevention of falls (Nitz & Choy, 2004 ). Postural control is always changing and can be improved through balance training not only in childhood but adulthood and retirement as well (Gruber et al., 2007 ). There are many factors which can influence the level of postural stability. Balance training can have a positive effect on sensory system. The question is how we can summarize exercises with the aim of improving stability and balance. It is not only balance training or postural stability training. Several terms can be found which may be considered as a way of improving stability such as sensomotoric training, neuromuscular training or proprioreceptive training.
The postural control system utilizes complex processes involving both sensory and motor components. Maintaining of postural equilibrium requires sensorimotor information within the central nervous system and execution of appropriate musculoskeletal response (Riemann & Guskiewicz, 2000) . The musculoskeletal core includes the abdominal structures, spine, hips, pelvis and the lower limbs (Kibler et al., 2006) . Then, lumbo-pelvic muscles provide a stable platform in order to control movements (Willson et al., 2005) .
The selected exercises were based on dynamic stabilization and coordination (it was chosen SM System). It is type of exercise with elastic cord which combines complex training of the locomotory apparatus. The cord provides movement which activate muscle closed chains against slow resistance. Spiral muscle chains provide a force of traction and the traction is used for the treatment of functional spinal disorders but it can also be used as an optimisation of movement during physical activity. It is also important to perform exercises slowly and to slow down at the end of the movement with elastic cord. The resistance of the elastic cord can be adjusted but we should exercise with a force which can be handled (Smíšek, Smíšková, & Smíšková, 2009).
MATERIAL AND METHODS

Participants
Twenty-nine elite gymnasts volunteered for this study. Participants did not report any neuromusculoskeletal injuries, serious joint disorders, impaired vision or other diseases that may affect balance performance. Participants had not experience with postural stability programme or other form of core stability programme during their gymnastics training or physical education class. If participant was involved in equivalent type of training programme, we had to exclude subject from our study. Participant (only in experimental group) was also excluded from the study if the attendance was less than 90% of total time in intervention programme. All participants had been training for 18 hours per week at the time of experiment. The participants were randomly assigned to a control group (15 girls; mean age=13.78±1.62 years; mean height=1.57±0.09 m; mean mass= 46.16±8.71 kg) and experimental group (14 girls; mean age=14.1±2.0 years; mean height=1.56±0.08 m; mean mass= 45.6±10.55 kg). The total number of time spending in training was 18 hours per week. Experimental group performed 2 hours plus of exercise with elastic cord. The total number of time spending in training was 18 hours per week.
Measures
The main task of participants was to maintain a balance in medio-lateral position. For measuring postural stability was used electronic balancing board with variable radius and integrated feedback. After measuring, each performance of participant was expressed by number from 0 to 100. A score of 100 is considered as the worst case and zero score is the best. The overall score was created as a weighted average of several parameters. The parameters include the whole area covered within the profile, area outside the profile, recovery time and extra time taken. The tilting part was set with radius of 5 cm for the experiment. It was chosen the situation on the electronic balance board when the participant tries to keep the balance with using feedback from the screen (Figure 1 ).
Figure 1. The position on the electronic balance board using feedback
The gymnastics training warm-up was completed before the testing. Participants were advised not to consume any sort of medication, 24 hours prior of the measurement. All participants were measured before the intervention balance exercise and after 3 months. At the beginning of measuring, the electronic balance board was tilted to the right. Each participant had to stand barefoot on the electronic balance board for 30 seconds. During the measuring, it was not allowed to speak. The position of the feet on the electronic balance board was also controlled. The participant had to stand barefoot with bent knees and the feet were open at a 30˚angle ( Figure 2 The heels were 5 cm apart. It was allowed to have hands on the hips. It was secured a protection the participant in case of a fall. Each participant got visual feedback from the screen. Before the testing, the participants had the opportunity to try position on the electronic balance board.
Procedures
At the beginning of the study, a baseline measurement of postural stability was conducted as a pre-test. The postural stability programme and the correct muscle contraction were explained and demonstrated by physical therapist for experimental group (every intervention lesson was under the supervision of the postural stability programme designer). The correctness of the exercise was controlled during the intervention programme. The physical therapist focused on the activity of abdominal muscles and inhibition of paravertebral muscles. The postural stability programme with elastic cord for experimental group lasted 3 months (in addition to their normal training). The control group was without any form of postural stability programme for 3 months. All participants were measured after 3 months. The postural stability training programme lasted an hour during gymnastic training, two times a week for 3 months. The design of the study was set up that the first six weeks were exercised without a special balance mat and then from 6th week to the end of the experiment was used balance mat for every exercise (Figure 3) . The participants were also challenged with more and more difficult tasks.
Before the experiment, all participants and their parents read and signed an informed consent form. The postural stability programme always started after warm-up exercises. In total, the postural stability programme featured 5 exercises that focused on dynamic stabilization and coordination. At the end of postural stability programme, participants stretched their muscles which were used during the workout. Exercise 3 was performed on one leg to improve sense of balance and increase spiral stabilization (the participant repeats the same for the other side).
Exercise protocol Exercise 1: Participant stands relaxed, the palm of the exercising hand facing down. The shoulder blade is extended forward. Then, participant tight the buttocks and pull the shoulder blade back and down. The hand is completely relaxed and remains extended by the elastic rope, the palm rotates upwards. When participant is in this position, she lifts the heel from the floor. After that, the participant repeats the same for the other side. Participants perform 3 sets of 12 repetitions. VOLUME 9 | Proc1 | 2014 | S499 Exercise 2: Participant stands relaxed backwards. Firstly, participant raises the arm back with pushing the elbows and palms as far back as possible. Then, participant raises the arm as far as it goes and looks down. The chin is tucked toward the breastbone and the limb is raised. After this, the chest is slowly bent towards the pelvis but the arm is in the same position. The arm completes very slowly the circle. After that, the participant repeats the same for the other side. Participants perform 4 sets of 10 repetitions.
Exercise 3: Participant stands relaxed and chest is bent downwards. The arms are crossed in front of the body. The shoulder blades have to be pressed backward and downward. Then, participant tries to pull the shoulder blades together, backward and downward as much as possible. The palms rotate upwards and the head is raised. When the spine is aligned, participant raises the limb from the floor and tries to remain in this position 10 seconds. After that, the participant repeats the same for the other side. Participants perform 4 sets of 10 repetitions.
Exercise 4: Participant stands relaxed, the right knee is raised upwards, and the left hand touches the knee. Then, participant moves the right foot backwards and tip of the foot touches the floor at the end of movement. The head has to be extending upwards and shoulders are pressed down. It is highly important to emphasize that when the knees pass each other, participant has to tight the left buttock. At the end of the exercise, the right buttock is tightened and the left one must remain tightened. After that, the participant repeats the exercise with the other limb. Participants perform 3 sets of 12 repetitions. The effect of intervention programme on postural stability was measured using the electronic balance board where a score of 100 is considered as the worst case and zero score is the best.
A mean score of participants in experimental group had decreased (pre-test 37.07±2.70; post-test 32.82±5.34) which was significantly lower but mean score of participants in control group had risen (pretest 38.88±2.62; post-test 39.33±2.52). 
DISCUSSION
The purpose of the study was to examine the effect of postural stability training with elastic cord in a group of elite gymnasts. Postural stability was measured with using electronic balance board. We hypothesized that the intervention programme could improve postural stability after 3 months of intervention in experimental group. The results showed that mean score of participants in the experimental group after the intervention programme was significantly lower than mean score in the control group (32.82±5. Maintaining of standing position is essential in daily life. It is necessary to be able to perform many movements which are based on cognitive processing and postural control.
It was also found a relationship between postural stability and injuries (Witchalls et al., 2012) . The core strength and stability is essential to ensure accurate movement of the limbs in gymnastics. The musculoskeletal core provides a link between upper and lower body. It plays a crucial role in sport performance but it is not only about having a strong core. This sign can be seen during the training when the young athletes are not able to stay balanced when it is needed. This situation is often connected with injury. The main aim of the present experiment was to prepare postural stability programme with elastic cord.
CONCLUSIONS
The results confirm the contribution of postural stability programme in the sport preparation of elite gymnasts. Postural stability training is beneficial not only for athletes but also for patients and adults. Impairments in postural control are often accompanied with risk of falling (Lord et al., 1992) . We are convinced that future studies should be focused on anteroposterior balance stability, postural stability in standing on one leg with respect of dominant leg and gender differences in postural stability. The results showed that twice weekly participation in postural stability programme for 3 months period may improve postural stability.
